Abstract-We present a modular multichannel acquisition system for high-resolution X-ray spectroscopy detectors. The system has been developed for the acquisition of signals coming from 12-element silicon drift detectors but can be easily used for the acquisition of signals coming from other kinds of detectors. The main characteristics of the system are flexibility and low cost. The basic component of our acquisition system is a board that acquires the signal coming from a shaping amplifier and provides peak stretching, peak detection, and analog-to-digital conversion. The converted data are transferred to the PC using the protocol of a bidirectional enhanced parallel port. The acquisition system has been fully developed and tested. The obtained overall linearity is within + 0.4%. The achieved energy resolution is fully comparable to that achieved with a commercial multichannel analyzer system equipped with a 13-bit analog-to-digital converter. The system has been extensively used to acquire signals coming from single-and multi-element silicon drift detectors.
I. INTRODUCTION

S
EVERAL fields in both fundamental research and industrial applications, such as elemental mapping of sample composition [1] , [2] , medical diagnostics [3] , environmental monitoring [4] , and works-of-art investigation [5] , [6] , employ dedicated systems for high-resolution X-ray spectroscopy. Such a system can be based on different kinds of detectors (PIN diodes [7] , silicon drift detectors [8] , Si(Li) [9] detectors) but always need an electronic chain for signal acquisition and processing. As the market for this kind of system is growing also out of research laboratories, the need for a compact, low cost, modular acquisition system that can be easily operated increases.
In this paper, we present a modular multichannel acquisition system developed for high-resolution X-ray spectroscopy with multi-element detectors. Section II is devoted to the description of the system architecture. The operations performed by the different sections of the system are described. Section III presents the results of the experimental characterization of the proposed acquisition system. II. SYSTEM ARCHITECTURE Fig. 1 shows the architecture of the multichannel acquisition system developed to measure the amplitude of the signals delivered by multi-element detectors. Each board acquires the signal coming from the shaping amplifier connected to each element of the detector. The signal is peak-stretched and its peak amplitude converted into a digital word. Modularity is achieved by using one analog-to-digital converter (ADC) per board, thus allowing the use of the exact number of boards needed for the particular application. Collected data are stored in a first in, first out (FIFO) buffer and then transferred to the PC by means of the enhanced parallel port (EPP) protocol, present on both desktop and laptop PCs.
If the shaping amplifier provides a fast channel output, each board can perform a pileup rejection function.
Up to 16 boards can be housed on a passive backplane, thus allowing acquisition from a 16-channel detector. Fig. 2 shows a block diagram of the board architecture. The input signal ("slow shaper") is fed to three stages: 1) the peak stretcher, which provides the stretched signal to the ADC analog input; 2) the discriminator, which enables the A/D conversion only for signals higher than a minimum threshold; 3) a differentiator followed by a comparator that detects the occurrence of the signal maximum, thus providing the peak-detection signal. A second input is available to detect (and reject) pileup events. It needs a fast shaped signal from the shaping amplifier.
The board that houses the circuit is a standard EUROCARDformat (16 cm 10 cm) double-layer printed circuit board using off-the-shelf commercially available components. For these reasons, the cost of fabrication is quite low. Fig. 3 shows the block diagram of the operations performed by the digital section of each board. The analog-to-digital conversion and the communication with the host PC is controlled by a complex programmable logic device (CPLD) working with a base clock of 10 MHz. This clock is divided by eight and is sent to the ADC that works in free running. The CPLD forces a memory buffer to store the digital words (containing the information of the converted amplitude) only for input signals exceeding a given threshold and when the output voltage of the peak stretcher has reached the maximum value. The timing diagram of the digital and analog signals that control the operation of each board is shown in Fig. 4 . A reset signal is generated after a given time interval to discharge the peak stretcher and to make the system ready for the acquisition of another event.
A. Digital Section
The data are transferred to the host PC via the EPP protocol. Once a board is addressed, the PC performs a fixed number of reading cycles before switching to another board. The CPLD is the Xilinx XC9536, with 36 macrocells and 34 I/O pins. This device is in-system programmable and equipped with nonvolatile memory, so that it needs to be programmed only once, after the board mounting. If a higher number of cells is needed for some particular applications, the CPLD can be substituted with another device of the same family (XC9572) that features 72 macrocells and full compatibility in the pin layout.
The ADC is the AD9220 produced by Analog Devices. Its main features are 12-bit data word, 10 MS/s maximum sampling rate, 0.5 least significant bit (LSB) integral nonlinearity, and 0.3 LSB differential nonlinearity. The given ADC differential nonlinearity refers to the worst case value. The measured performances of all the mounted boards were good enough for our X-ray spectroscopy applications to avoid the use of sliding scale correction: this possibility is, however, already taken into account in the board design.
The memory buffer is obtained with two (1024 9 bits) FIFO memories with 20-ns access time (IDT 7202). The FIFO allows independent read and write cycles, thus simplifying the control logic. The 12-bit data word is split in the two FIFOs (8 4 bits). Since the parallel port bus is 8 bits wide, we need two readout cycles to acquire a single12-bit digital word, reading one memory at a time.
B. MCA Software and User Interface
The operation of the whole system is controlled by a dedicated software developed under MS-DOS and based on standard VGA graphics. The whole spectrum is plotted in real time, and the user can zoom on it. Semiautomatic energy calibration (based on Gaussian fitting of the energy peaks) has been im- plemented, so that the information on the achieved energy resolution is available while the measurement is in progress and, in the case of X-Ray Fluorescence (XRF) measurements, the user can have a feeling about the elements present in the tested sample. Up to 16 boards can be simultaneously managed, and the total spectrum (sum of the spectra acquired by each board) can be plotted in real time. The collected spectra can be saved in standard ASCII format for further processing. The maximum total input rate is about 300 kHz and is mainly limited by the parallel port bus. Moreover, an MM4005 Newport motion controller can be connected to the RS232 port and used to move the sample under test in order to perform area-scan measurements. The program can be set up to perform automatic analyses over an array or a grid of measurement points.
III. FUNCTIONALITY TESTS
The acquisition system has been fully developed and tested. Its performances in terms of integral nonlinearity, energy resolution, and pileup rejection have been measured. This board is the core of a dedicated system developed for the acquisition of signals coming from a new XRF spectrometer based on a 12-element silicon drift detector [10] .
A. Linearity   Fig. 5 shows the integral nonlinearity of the whole board. The input signal was delivered by a commercial shaping amplifier (Tennelec TC244). The measured integral nonlinearity is within 0.4%, a result suitable for high-resolution spectroscopy applications. Fig. 6 shows the energy spectrum of a Fe radioactive source detected by a 5-mm Peltier-cooled silicon drift detector (coupled to the Tennelec TC244 Gaussian shaping amplifier with shaping time equal to 1 s). The full-width at half-maximum (FWHM) at the Mn K line is 155.2 eV. The achieved resolution is fully comparable with that obtained with a commercial 13-bit ADC (Silena 7423) (157.6 eV FWHM).
B. Energy Resolution
C. Pileup Rejection
Since photons hitting the detector are randomly spaced in time, it can happen that two pulses are sufficiently close to be read as a single pulse by the data-acquisition system. The result is a waveform whose peak amplitude is not proportional to the energy of the detected photons (see Fig. 7) .
If the shaping amplifier provides a fast pulse together with the shaped one, the former can be used to detect the arrival of a second event, provided that the time interval in the occurrence of the two events is longer than the fast shaping time.
To reject piled-up events, the control logic performs the following operations. The first fast pulse generates a digital signal (called "WAIT" in Fig. 7 ) whose duration must be greater than that of the fast pulse. Since this duration is a critical parameter, it can be set by means of the control software (from 0.1 to 1.5 s). When WAIT goes low, the system enters an attention state. If a second pulse is detected in this time window, a rejection signal ("PILE-UP ADVISOR") is generated. Such a signal prevents any data from being stored until the output of the shaping amplifier has returned to the baseline. Fig. 8 shows the energy spectrum of a Fe radioactive source collected by a 5-mm Peltier-cooled silicon drift detector at high rate (8 kcounts/s) both without and with pileup rejection. Pileup events are clearly visible. When pileup rejection is active, the plateau at energies between the Mn K line and the piled-up Mn K line vanishes.
D. Acquisition of the Signals Coming From the 12-Element Silicon Drift Detector
A complete acquisition system equipped with 12 boards has been assembled to acquire the signals coming from a ring-shaped 12-element silicon drift detector, as shown in Fig. 9 .
The detector was irradiated with a Fe radioactive source, and the pulses delivered by each detector element were fed to a seven-pole Gaussian amplifier and then acquired by the acquisition system. The 12 spectra collected by each individual element are shown in Fig. 10(a) . Fig. 10(b) shows the spectrum obtained by summing the 12 spectra independently and simultaneously collected. The final spectrum can be computed in real time by the control software.
IV. CONCLUSION
In this paper, we presented a modular multichannel acquisition system developed to measure the amplitude of the signals delivered by multi-element detectors for high-resolution X-ray spectroscopy. The acquisition system is based on a board that acquires the signal coming from a shaping amplifier and provides peak stretching, peak detection, and analog-to-digital conversion. The converted data are transferred to the PC using the protocol of a bidirectional enhanced parallel port. A 12-board system has been fully developed and tested. Such a system was extensively used for the acquisition of the signals coming from a new XRF spectrometer based on a ring-shaped multi-element silicon drift detector and on X-Ray capillary optics.
